Introduction
============

Myocardial infarction is a common clinical heart disease, and patients are often combined with arrhythmia. Ventricular fibrillation may occur in some severe cases, even leading to sudden death ([@b1-etm-0-0-5590]--[@b4-etm-0-0-5590]). Studies have found that metoprolol can inhibit arrhythmia by inhibiting sodium channels, which in turn reduced the morbidity and mortality ([@b5-etm-0-0-5590]--[@b7-etm-0-0-5590]). However, the mechanism is still unclear. In recent years, studies have shown that connexin 43 (Cx43) plays an important role in the development of myocardial infarction. Besides excitement of cardiomyocytes, electrical coupling obstruction is generally believed to be another important mechanism of myocardial infarction, and changes in the number and distribution of Cx43 can cause cardiomyocyte electrical coupling disorder ([@b8-etm-0-0-5590]). Therefore, we established a model of cardiac infarction to study the effect of metoprolol on Cx43 expression.

Materials and methods
=====================

### Materials

Sixty male New Zealand large white male rabbits (2.5--2.8 kg) were provided by Experimental Animal Center of Dalian Medical University. Metoprolol was purchased from AstraZeneca plc (batch number: H10950118). Mouse anti-rabbit Cz43 (dilution, 1:500; cat. no. ab79010) and GAPDH monoclonal primary antibody (dilution, 1:500; cat. no. ab9485), goat anti-mouse horseradish labeled polyclonal secondary antibody (dilution, 1:2,000; cat. no. xab6789) were purchased from Abcam (Cambridge, MA, USA). DAB color development kit and hematoxylin were purchased from Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China. TRIzol reagent was purchased from Invitrogen Life Technologies (Carlsbad, CA, USA). Reverse transcription kit and PCR amplification kit were purchased from Thermo Fisher Scientific (Waltham, MA, USA). This study was approved by the Ethics Committee of Tianjin Third Central Hospital, Tianjin, China.

### Animal model establishment and grouping

Sixty New Zealand white rabbits were randomly divided into infarction group and non-infarction group, 30 in each group. Rabbits in infarction group were anesthetized by injecting pentobarbital (30 mg/kg) through ear vein. The chest was opened to expose the heart, followed by ligation of anterior descending branch of coronary artery. Rabbits in infarction were subjected to Sham operation after anesthesia by injecting pentobarbital (30 mg/kg) through ear vein, the chest was opened to expose the heart, followed by coronary artery threading without ligation. The elevation of 0.2 mV at ST segment observed by ECG indicated the successfully established model. After model construction, rabbits in each group were further divided into control group (n=15) and metoprolol group (n=15), and fed with normal diet and normal diet + metoprolol. Animals were sacrificed 8 weeks later, and ventricular tissue around infarction area was collected.

Observation indicators
----------------------

### Immunohistochemical method to detect the expression of Cx43 in cardiomyocytes

Cardiac tissue was fixed in 4% paraformaldehyde, followed by hydration and embedding. The embedded tissue was cut into 4 µm sections, and the expression of Cx43 in cardiomyocytes was detected by immunohistochemical SP method. The tissue sections were incubated with Cx43 monoclonal antibody (1:300, Abcam) overnight at 4°C, followed by incubation with secondary antibody at 37°C for 1 h. Then DAB staining and hematoxylin counter staining were applied. PBS was used to replace primary antibody to serve as negative control. Six visual fields were selected under an upright microscope (LSM780, Zeiss, Jena, Germany). ImageJ software was used to analyze the average positive expression area and integral optical density of the image. The method of the calculation of the average positive expression area: the number of Cx43 positive gap junctions of 6 visual fields was counted and the total number was calculated, finally, the positive area of 6 visual fields was measured ([@b9-etm-0-0-5590]).

### Western blotting to detect the expression of Cx43 protein in cardiomyocytes

Ventricular tissue around infraction area was collected and total protein was collected using RAPI lysate, followed by quantification by coomassie blue method. Protein samples (30 µg) were subjected to electrophoresis using 10% SDS-PAGE for 1.5 h, followed by transmembrane to PVDF membrane. After blocking with 5% skimmed milk at room temperature for 1 h, membrane was incubated with Cx43 monoclonal antibody (1:2,000) overnight at 4°C. After washing with PBS, membrane was incubated with secondary antibody \[IgG (1:2,000)\] at 37°C for 2 h. After electrochemiluminescence development, the optical densities of the protein bands were measured by a gel imaging analysis system (Bio-Rad, Hercules, CA, USA). GAPDH was used as endogenous control. The ratio of the optical density of Cx43 to GAPDH protein was used as the relative expression level of Cx43.

### Reverse transcription PCR (RT-PCR) to detect the expression of Cx43 mRNA in cardiomyocytes

Ventricular tissue around infraction area was collected and total RNA was extracted using Trizol reagent. Reverse transcription was performed to synthesize cDNA, followed by PCR. The following primers were used in PCR reaction: 5′-AAGAGACCCCTGCCCACAT-3′ (upstream) and 5′-AGAGACACCAACGACACCACC-3′ (downstream) for Cx43; 5′-CGCCTGGAGAAAGCTGCTA-3′ (upstream) and 5′-ACGACCTGGTCCTCGGTGTA-3′ (downstream) for GAPDH. All primer sequences were synthesized by Sangon (Shanghai, China). RT-PCR reaction conditions are as follows: 95°C for 10 min, followed by 40 cycles of 95°C for 30 sec, 50°C for 30 sec and 70°C for 1 min, and 70°C for 10 min. PCR product was subjected to 1% agarose gel electrophoresis and the bands were observed under a gel imaging analysis system (Bio-Rad). The relative expression of Cx43 was reflected by the ratio of gray value of Cx43 to that of GAPDH.

### Statistical analysis

SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was used to analyze the data. Comparisons between two groups were analyzed by LSD t-test. Comparisons among multiple groups were performed by analysis of variance (ANOVA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Cx43 immunohistochemical staining results

Cx43 protein was strongly expressed in 2 subgroups of non-infarction group and distributed evenly in intercellular space. Compared with non-infarction group, expression level of Cx43 was significantly decreased and Cx43 protein was irregularly distributed in infarction group. Especially in the control group of infarction group, expression of Cx43 was decreased or even disappeared, while the decrease in expression level of Cx43 and the degree of dispersion were lower in metoprolol group than in control group ([Fig. 1](#f1-etm-0-0-5590){ref-type="fig"}). In infarction group, quantitative analysis showed that the positive expression area of Cx43 and the integral optical density value in metoprolol group were significantly higher than those in control group (t=17.483, P=0.008; t=17.483, P=0.008). In non-infarction group, there was no significant difference in Cx43-positive expression area and integral optical density between the subgroups (t=4.381, P=0.116; t=1.522, P=0.34) ([Figs. 2](#f2-etm-0-0-5590){ref-type="fig"} and [3](#f3-etm-0-0-5590){ref-type="fig"}).

Compared with non-infarction group, expression level of Cx43 was significantly decreased and Cx43 protein was irregularly distributed in infarction group. Especially in the control group of infarction group, expression of Cx43 was decreased or even disappeared, while the decrease in expression level of Cx43 and the degree of dispersion were lower in metoprolol group than in control group.

### Western blot analysis

Western blot analysis showed that there was no significant difference in the expression of Cx43 protein between subgroups of non-infarction group (t=4.821, P=0.102; t=3.812, P=0.492). In infarction group, expression level of Cx43 in control group was significantly lower than that in metoprolol group (t=12.781, P=0.010) ([Figs. 4](#f4-etm-0-0-5590){ref-type="fig"} and [5](#f5-etm-0-0-5590){ref-type="fig"}).

### RT-PCR results analysis

There was no significant difference in the expression of Cx43 mRNA between the subgroups of the non-infarcted group (t=5.441, P=0.091; t=3.324, P=0.212). In infarction group, expression level of Cx43 mRNA in control group was significantly lower than that in metoprolol group (t=11.261, P=0.013) ([Fig. 6](#f6-etm-0-0-5590){ref-type="fig"}).

Discussion
==========

Cx43 is the main constituent of gap junctions, and participates in cell-to-cell signaling ([@b10-etm-0-0-5590],[@b11-etm-0-0-5590]). Studies have found that the expression and distribution of Cx43 would be changed after myocardial infarction ([@b12-etm-0-0-5590],[@b13-etm-0-0-5590]). Peters *et al* ([@b14-etm-0-0-5590]) showed that expression and distribution of Cx43 protein in cardiomyocytes of the area around infarction area in dog model of myocardial infarction were changed, while the expression and distribution of Cx43 protein in cardiomyocytes distant from infarction area, but the expression was significantly inhibited. Results of this study showed that Cx43 protein was expressed and distributed evenly in intercellular space. The Cx43 positive cells are visible brown granules, which were linearly arranged in intercalated disk. Compared with non-infarction group, expression level of Cx43 was significantly decreased and Cx43 protein was irregularly distributed in infarction group. Especially in the control of infarction group, expression of Cx43 was decreased or even disappeared, while the decrease in expression level of Cx43 and the degree of dispersion were lower in metoprolol group than in control group. This finding is consistent with previous studies ([@b15-etm-0-0-5590]).

Cx43 is the main component of gap junction channel and is the main conductor of the current conduction between ventricular myocytes ([@b16-etm-0-0-5590]). It has been reported that Cx43 is one of the most important determinants of the extent of myocardial infarction after coronary artery occlusion ([@b17-etm-0-0-5590]). In this study, we found that the expression of Cx43 protein in cardiomyocytes was significantly increased by metoprolol intervention after myocardial infarction. In infarction group, positive expression area of Cx43 in metoprolol group was significantly larger than that in control group. There was no significant difference in Cx43-positive expression area and integral optical density between two subgroups of non-infarction group. Those results suggest that metoprolol can improve heart failure and cardiac insufficiency after myocardial infarction.

Lindsey *et al* ([@b18-etm-0-0-5590]) reported that the positive expression of Cx43 in model of myocardial infarction was significantly reduced, and the expression level of Cx43 protein was significantly lower than that of the control group, but the expression of Cx43 mRNA was not altered significantly. Results of this study showed that the distribution of Cx43 protein and the level of Cx43 mRNA and protein in rabbits after myocardial infarction were significantly decreased (P\<0.05), suggesting that connexins were reconstructed after myocardial infarction, which is consistent with previous studies ([@b19-etm-0-0-5590]). After treatment with metoprolol, levels of Cx43 mRNA and protein in cardiomyocytes were significantly increased, suggesting that metoprolol can play a role in improving cardiac remodeling after myocardial infarction by regulating the expression of Cx43.

Therefore, it can be inferred from the above experimental results that metoprolol can delay the pathological changes of cardiac remodeling after myocardial infarction by regulating the expression of Cx43 in cardiomyocytes. However, further studies are still needed to elucidate the mechanism of the functions of metoprolol.
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![Comparison of the positive expression area of Cx43 between groups. Immunohistochemical results showed that, compared with control of infarction group, the positive expression area of Cx43 in the subgroups of non-infarct group and metoprolol group of infarction group was significantly increased. \*P\<0.05.](etm-15-02-1902-g01){#f2-etm-0-0-5590}

![Comparison of Cx43 integral optical densities between groups. Immunohistochemical results showed that, compared with control group of infarction group, Cx43 integral optical density in the subgroups of non-infarct group and metoprolol group of infarction group was significantly increased. \*P\<0.05.](etm-15-02-1902-g02){#f3-etm-0-0-5590}

![Western blot analysis of the expression of Cx43 protein in each group. Lane 1, control of infarction group; 2, control of non-infarction group; 3, metoprolol group of infarction group; 4, metoprolol group of non-infarction group.](etm-15-02-1902-g03){#f4-etm-0-0-5590}

![Expression of Cx43 protein in each group. Western blot results showed that the expression levels of Cx43 protein in the subgroups of the non-infarction group and the metoprolol group of infarction group were significantly higher than that in control group of infarction group. \*P\<0.05.](etm-15-02-1902-g04){#f5-etm-0-0-5590}

![Expression of Cx43 mRNA in each group. Western blot results showed that the expression levels of Cx43 mRNA in the subgroups of the non-infarction group and the metoprolol group of infarction group were significantly higher than that in control group of infarction group. \*P\<0.05.](etm-15-02-1902-g05){#f6-etm-0-0-5590}
